The goal of this cooperation is to establish a not-for-profit agency called DataCite that enables organisations to register research datasets and assign persistent identifiers to them, so that research datasets can be handled as independent, citable, unique scientific objects.
Only a very small proportion of the original data are published in conventional scientific journals. Existing policies on data archiving notwithstanding, in today's practice data are primarily stored in private files, not in secure institutional repositories, and effectively are lost [1] . This lack of access to scientific data is an obstacle to international research. It causes unnecessary duplication of research efforts, and the verification of results becomes difficult, if not impossible [2] . Large amounts of research funds are spent every year to re-create already existing data [3] .
Progress in sharing of scientific data has been made at a fast pace. Infrastructures such as grid exist for storage. Methodologies have been established by data curation specialists to build high quality collections of datasets. These include standards for metadata (provenance, copyright, author of a dataset), registration, cataloguing, archiving and preservation. A large number of disciplines benefit from these methodologies and high quality datasets.
A. Issues
When published, datasets often do not follow the same process as articles. While articles are duly incorporated in digital libraries and can be referenced -in a persistent manner -in other articles, datasets are not published, or published only on the researcher's web site and, if referenced at all, only referenced by the corresponding URL. Such publication model raises a number of issues (see Figure 1 ):
Poor preservation properties (e.g. if the researcher moves to another institution, the link may become invalid);
Poor quality of the documentation;
Limited impact and academic recognition (dataset cannot be searched or found except from article reference or web search);
Lack of data quality assessment. Dataset identification is a key element for allowing citation and long term integration of datasets into text as well as supporting a variety of data management activities. Also, to foster a culture of data integration, scientists need to be convinced that preparing their data for online publication is a worthwhile effort. It would be an incentive to the author if a data publication had the rank of a citeable publication, adding to his reputation and ranking among his peers. To achieve the rank of a publication, a data publication needs to meet the two main criteria, persistence and quality. Whereas the latter is a very difficult concept that should be made part of the workflow of data integration in the data producers, data persistency is a rather simple problem.
Simply making data available on the 'web' is not sufficient. The location of internet resources, and thus their URL, may easily change, which in most cases means to the user that data are lost [4] . This happens, for instance, if the data are deposited by a researcher in his personal page and the researcher moves from one institution to another. Additionally, this method of data publication makes very little impact since the way by which the dataset may be discovered by another researcher is either:
Through a web search: Although scientific publications can easily be found through a web search, using the title as a stabile metadata element, the lack of well-defined titles and other metadata makes web-search for datasets difficult. The probability of a page containing the dataset to be found will mainly depend on the quality of the description that surrounds it on the page.
Through the information in an article: Sometimes the information in an article enables readers to actually identify the location of a dataset, or at least provide contact information of the researcher who collected the data.
Both methods of accessing the dataset have clear limitations in terms of the potential impact of a dataset. It is not surprising that researchers naturally tend to focus their efforts on article publication instead of dataset publication.
For encouraging dataset publication, both the identification of dataset and the awareness of researcher of the availability of this dataset have to be dramatically improved.
A. The Digital Object Identifier (DOI)
DOI: The Digital Object Identifier DOI was introduced in 1998 with the funding of the International DOI Foundation (IDF). It is a registered trademark and DOI names can only be assigned by official DOI registration agencies that are a member of IDF. There are a total of currently 8 Registration agencies worldwide. The DOI system is technically based on the non-commercial Handle system of the Corporation for National Research Initiatives (CNRI). Since 2006, there is an ISO working group (ISO WG 26324) involved in the standardisation of the DOI system. Registration agencies are responsible for assigning identifiers. They each have their own commercial or noncommercial business model for supporting the associated costs. The DOI system itself is maintained and advanced by the IDF, itself controlled by its registration agency members. Using the Handle system, there is a central free worldwide resolving mechanism for DOI names. DOI names from any registration agency can be by default resolved worldwide in every handle server; DOI therefore are self-sufficient and their resolution does not depend on a single resolution server. A standard metadata kernel is defined for every DOI name. Assigning DOI names involves the payment of a license fee by the Registration agency but their resolution is free.
DOI has emerged as the most widely used standard for digital resources in the publication world. It is currently used by all major scientific publishers and societies (Elsevier, IEEE, ACM, Springer, Wolters Kluwer International Health & Science, New England Journal of Medicine, etc.). The registration for the publishing sector is centrally run by the independent DOI Registration agency CrossRef, which assigns DOI names for 2609 members in the publishing sector. It is also used by the European Commission through its publication agency the Office of Publications of the European Community (OPOCE).
B. Citability through DOI names
While the interoperable and long-term preservation of linkage in scientific publication has been largely achieved through DOI over the last 5 years, dataset publication has not reached a similar maturity level. As mentioned in the last sections, the issue of access to datasets has grown more and more important in the different European research areas, none of these approaches however has yet established a workflow or a functional infrastructure for data registration.
A promising approach to establish dataset citation using DOI names has been started by the Organisation for Economic Co-operation and Development (OECD) for their own datasets. All statistical datasets published by the OECD in their annual factbook can be cited using DOI names [5] .
In the academic sector, an established approach within Germany that is actively used by scientists is the Data Registration agency for scientific data at the German National Library of Science and Technology (TIB). TIB is the German National Library for all areas of engineering as well as architecture, chemistry, information technology, mathematics and physics, its holdings comprise around 7.3 million volumes of books, microforms and CD-ROMs, as well as around 18,000 subscriptions to general periodicals and specialist journals. TIB ranks as one of the world's largest specialist libraries, and one of the most efficient document suppliers in its subject areas.
In cooperation with several World Data Centers, over 650,000 datasets have been registered with DOI names as persistent identifiers by TIB. A selection of more than 1,500 datasets that are a part of scientific publications are furthermore directly accessible through the online catalogue of TIB and the German Common Library Network (GBV) [6] .
As a major advantage the usage of the DOI system for registration permits the scientists and the publishers to use the same syntax and technical infrastructure for the referencing of datasets that are already established for the referencing of articles. For example:
The dataset: The citation of the dataset and of the underlying article follows the same standards and is therefore easy to adapt by scientists [7] .
C. The Model of Data Registration at TIB
Since 2005, TIB has been an official DOI Registration Agency with a focus on the registration of research data. The role of TIB is that of the actual DOI registration and the storage of the relevant metadata of the dataset. The research data themselves are not stored at TIB. The registration always takes place in cooperation with data centers or other trustworthy institutions that are responsible for quality assurance, storage and accessibility of the research data and the creation of metadata. Figure 2 illustrates this structure in more detail. 
III. DATACITE
Access to research data is nowadays defined as part of the national responsibilities. During the last years most national science organisations have addressed the need to increase the awareness of and the accessibility to research data.
Science itself nevertheless is international, scientists are involved in global unions and projects, they share their scientific information with colleagues all over the world, they use national information providers as well as foreign ones.
When facing the challenge of increasing access to research data, a possible approach should be a global cooperation for data access with national representatives.
-a global cooperation, because scientist work globally, scientific data are created and accessed globally. The goal of this cooperation is to establish a not-forprofit agency that enables organisations to register research datasets and assign persistent identifiers to them, so that research datasets can be handled as independent, citable, unique scientific objects.
The key point of this approach is the establishment of a Global DOI Registration agency for scientific content called DataCite that will offer to all researchers dataset registration and cataloguing services. DataCite shall be carried by noncommercial information institutions and libraries instead of publishers. This approach will allow easy access to the DOI system for non-commercial information institutes and libraries worldwide.
The objective of establishing an independent global DOI RA is to pool together resources of various interested local agencies. The benefits will be the following: Following TIB's model, data curation, maintenance and storage are not in the responsibility of the joint agency. Through its local partners it will furthermore offer services to existing national and international repositories and initiatives and therefore closing the gap between data infrastructure and information providers. 
A. Structure
The structure of DataCite will be the following:
One central office will be located at TIB as the central address and responsible body for the International DOI Foundation (IDF), with a managing agent and technical staff. Each DataCite member will host its own office of the RA, allowing him to directly contact any data center in his domain. The partners are allowed to build up their own technical infrastructure for DOI registration or use the central infrastructure at TIB. The members elect an advisory board. Affiliated members, e.g. members who are interested in establishing standards and exchanging expertise in accessing research data, but who are not in interested in assigning DOI names, are welcome and will advise the exectutive board.
There will be one central metadata repository containing the descriptions of all registered data sets, with standardised interfaces to the partners own repositories and applications. The metadata and workflow definitions will be standardised through all partners. Every partner will have the right to develop its own business models for re-financing the registration costs. For more details on the foundation of DataCite, we refer to [8] .
B. Partners
The fist institutions to establish DataCite together with TIB are (in alphabetical order): 
